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Embodied Interaction –
Designing Beyond the Physical-Digital Divide.

The physical and digital worlds are wide apart. Each has its own design
professionals: product designers and human-computer interaction experts. However,
as computers are becoming ubiquitous, embedded in our everyday objects and
environments and embodied in the way we experience them in our everyday lives,
this divide becomes problematic. This dilemma is accentuated by the parallel threat
of demassification, the potential loss of material and social properties when artefacts
become digital.

Pelle Ehn
Per Linde
Malmö University

In this paper we argue for embodied interaction as a useful stance for designing
beyond this physical-digital divide. This term has been coined by Paul Dourish in the
phenomenological tradition, for the creation, manipulation and sharing of meaning
through engaged interaction with artefacts.
Embodied interaction, as we understand it, rethinks the borders of digital artefacts.
Starting from the position that our experience of artefacts, also digital artefacts, is
experiential we suggest that there is no such thing as an entirely digital artefact.
Instead the design materials for digital artefacts are both spatial and temporal. With
digital technology we can build digital temporal structures and behaviour. However,
to design these temporal structures into artefacts that we can experience and
interact with almost any material can be of use in the spatial configuration.
At the same time space is inherently a physical concept as opposed to place which
cannot be thought of without also including social activity. With the perspective of
embodied interaction both the social dimension and our bodily experiences come
into focus in the making of place.
With this stance we conceptually elaborate on the role of embodiment, performative
aspects of space, mixed objects, and esemplastic unification of place through
appropriation of space, configurability of artefacts, and place making games.
These concepts address both the physical and social threat of demassification
by digital technology, and suggests that rather than creating new worlds that are
virtual or digital, we should design for experience and interaction in the only social,
physical and digital world that that we have. New design strategies must include a
re-thinking of the borders between material and digital, but also between subject
and object.
To illuminate the suggested concepts we give examples of how we have
encountered them in ATELIER, a current research project on design of physicaldigital studio environments for architecture and interaction design students.
The stance taken and the kind of concepts elaborated on should hopefully be
of help in bridging the divide between product design and human computer
interaction, maybe in the emerging discipline of interaction design and in designing
computational things that make sense not only to users, but also to both kinds
of designers.

77

Embodied Interaction – designing beyond the physical-digital divide
Pelle Ehn and Per Linde
School of Arts and Communication
Malmö University
2005 06 Malmö, Sweden
pelle.ehn@k3.mah.se
per.linde@k3.mah.se
Introduction
Functionally and aesthetically well designed tables and chairs, ergonomically
crafted workspaces and on top of this a black static digital screen – no integration
and definitely no interaction. At the same time a graphic display with humancomputer interaction via a desktop metaphor according to at that time novel
principles of direct manipulation and ‘you see what you get’ – a digital world of its
own metaphorically mapping the physical world, but no integration with the
physical product design. This was our first encounter between product design
and human-computer interaction in the early 1980. It happened in the UTOPIAproject where systems designers and product designers collaboratively designed
a system for page-make up and image processing for newspaper production
based on the ideas of digital tools for skilled work [5]. The physical world and the
digital were wide apart.
Much has happened during the two decades that has passed since in bridging
the physical-digital divide and in our understanding of the design of
computational things, especially with the emerging discipline of interaction design
merging human-computer interaction with product design, graphic design and
other design disciplines. In this paper we will reflect upon this development with a
focus on strategies for design beyond the physical-digital divide. The main thrust
of our argument will be that design – physical as well as digital –always is about
designing for things that make sense as claimed by product designer Klaus
Krippendorf [8] or the creation, manipulation, and sharing of meaning through
engaged interaction with artefacs in the words of system designer Paul Dourish
[4]. Here we will however in particular and conceptually deal with a new kind of
emerging ‘mixed’ objects and places uniting spatial aspects of physical things
with temporal aspects of computation and exemplifying with how we have
encountered this in ATELIER, a current research project on design of physicaldigital studio environments for architecture and interaction design students1.

1

The ATELIER project - Architecture and Technologies for Inspirational Learning Environments
was an EU-project within the research programs for Future and Emerging Technologies and the
Disappearing Computer. The project was carried out in 2002 to 2004 in close co-operation
between partners in Sweden, Italy, Austria and Finland. Project coordinator: Pelle Ehn
(http://atelier.k3.mah.se)

Ubiquitous computing and the paradox of demassification
The design for ‘mixed’ objects and places that we have in mind should be seen
against the technological vision formulated by Mark Weiser in his significant 1991
paper The Computer for the 21’st century were he introduced the concept of
ubiquitous computing and the idea of designing digital technology as an integral
part of human activities in our physical surroundings [13]. This was an idea very
much in contrast both to the isolated desktop computer ‘world’ as well as the
dualist idea of a second ‘virtual reality’ and formulated a research program that
came to include ideas like augmented reality, tangible user interfaces and
information appliances. In the ATELIER project we have designed for such
‘mixed’ environments integrating architectural elements like spatial grids, light
and different physical ‘display’ materials with digital technologies especially
tagged objects and different kinds of projections in the environment as resources
for design students.
In this paper we will, however, take a step back in reflecting upon strategies for
designing beyond the physical-digital divide starting with the paradox of
demassification. This expression was used by John S. Brown and Paul Duguid in
a paper already in 1994 [2]. What they pointed at is how digital technology and
new media introduces new material and social conditions for the design of
artefacts. Demassification concerns the physical or material change - artefacts
literary lose mass and can be distributed and accessed globally. Think of a digital
book or a library. But there is also a social or contextual demassification. This
concerns the possibility to customize and make individual copies of digital
artefacts - a loss of mass in the meaning of a mass medium. Again think of a
personalized version of the book or the digital library. Why is this a design
problem? Is it not just great with totally mobile and individualized artefacts? As
Brown and Dugid suggest with their paradox of demassification this is achieved
at the prize of lost intertwined physical and social experiences of the artefacts.
The physical demassification deprives the artefact of material ‘border resources’
for shared interpretation. The cover of the book may not be decisive for the
content, but its shape, texture, weight and not least ‘wear and tear’ may still be
an important aspect of its ‘bookness’ and how we experience it as a book. These
‘border resources’ are lost when every digital copy gets its own form, and hence
a relatively established source for interpretation dissolves. Entangled with this,
and adding to the problem of lost physical mass, is the social demassification.
The individualized versions of a digital artefact, reaching only a few persons,
underline the loss of shared ‘border resources’ by jeopardizing a relatively stable
contextual sources for shared interpretations within a community. It seems that a
feasible design strategy must find ways to counter this loss of mass. This
challenge is in line with the perspective of embodied interaction and the
understanding that we today have to design digital technology for interaction that
is both more tangible and more social.

Embodiment and embodied interaction
Augmenting spaces and artifacts is about how the augmentations can support
shared understanding and meaning around social activities taking place in
different contexts. These environments are not constrained to workspaces, but
are reaching into public spaces and spaces for living. A challenge for design
beyond the physical-digital divide is to integrate computation with existing
artifacts, physical space and the social meaning-making taking place in the
environment.
To deal with this challenge Paul Dourish introduced the stance of embodied
interaction. This stance is grounded in the phenomenological tradition, focusing
on the phenomenon of experience. To get to the truth of matters requires
describing phenomenon as they appear to the experiencer. A meal is not bread
on a table – it’s also the hands weary of a full day’s work dropping the knife, the
children telling stories from school, the remembrance of youth in the taste of an
old time recipe and so forth. Our everyday life-world just as work practice
consists of these concreteness and calls for collecting the paradoxes and
complexity of life worlds rather than unifying them in abstractions. While
abstraction and generating overview applicable for manipulation in temporal
structures seems to be one of the foremost strengths of computation and digital
media, it is evident that there’s more to users than being information processing
systems. The relation between information and knowledge is one example of
how meaning is not inherent in information, but made meaningful trough direct
participation in the world.
An important facet of Dourish definition is how ‘embodied interaction is the
creation, manipulation, and sharing of meaning through engaged interaction with
artefacts’ [4]. A shift towards embodied interaction is motivated by the recognition
that to incorporate even further human skills requires moving computation ’out of
the box’ and ‘into our environments’. Embodied interaction starts from the
observation that computing is getting both more tangible and more social. More
tangible in the sense that radically new kinds of digital artefacts are emerging
beyond the desktop computer, deliberately amalgamating interactive qualities of
physical objects with computational qualities, augmenting papers, pens, toys and
all kinds of everyday objects. Computers are more and more becoming
embodied as embedded aspects in our experience of our everyday environment.
More social in the sense that the embeddedness of artefacts in social practice,
community, place and situatedness, beyond the disembodied human-computer
interface, is coming more and more into focus. Meaning is found rather in the
world than in thinking and that meaning (for example what we understand about
digital media) is created by involvement with objects in the world.

While the founders of the phenomenological tradition, Husserl and Heidegger,
did not focus especially on the role of the body in this involvement that was
maybe the most important issue for Maurice Merleau-Ponty [10]. To him humans
are embodied subjects, having a body is the medium for having a world.
We describe things in relation to our bodies (this is a big city, the streets are
crowded… ) and we acquire skills in relation to our bodily capacities. This is a
perspective that differs from “disembodied” use of computers and interactive
systems.
If the body is central for perception, we are as designers of digital artefacts
required to extend the landscape for experiencing and interacting with them. By
recognizing the complex interplay between bodies, artefacts, space and human
activity, we also recognize that space as such is a not a static element which is
just there. Space is dynamic, constantly changing in relation to activities taking
place, not only there to be perceived, but a place for bodies to perform. In
Performative aspects of space are valuable complements to more abstract
models of representation. One example from the ATELIER projects is how
interaction design students approached the design of an interactive installation at
the Central Station in Malmö. Shifting between 3D drawings, sketches and
embodied enactment, they gradually narrowed down their concept. Actually
starting out from enacting with different zones of light and ambient sound sources
they made a 3D model of their installation. The students’ way of working
commenced with performing with the body and then got into sketching. Very
often the traditional working mode is the opposite, starting out with for example
sketching.

Fig.1 - “The body as interface” –
Embodied enactment is one way of
experiencing interaction through the
body, but in relation to the surrounding
space.

Fig.2 – Shifting between embodied
enactment and more abstract
representations, such as 3D models,
can support a wider conceptualization
of the design space.

An acknowledgement of embodiment affects heavily how we engage in design of
digital media. New strategies must include a re-thinking of the borders, between
material and digital, but also between subject and object.

Mixed objects
Embodied interaction rethinks the borders of the digital artefact. Starting from the
position that our experience of artefacts, also digital artefacts, is experiential we
suggest to accept that there is no such thing as an entirely digital artefact.
Instead the design materials for digital artefacts are both spatial and temporal.
With digital technology we can build digital temporal structures and behaviour.
However, to design these temporal structures into artefacts that we can
experience and interact with almost any material can be of use in the spatial
configuration [7]. Hence, design of digital technologies deals with a kind of mixed
objects, including ‘border resources’, beyond the physical-digital divide.
One of the consequences of the concept of embodied interaction is that the
materiality of artefacts plays a crucial role in our everyday sense making. Digital
technologies have been concerned with the intertwining of virtual and physical for
quite some time now. Numerous projects and designs has stressed the
importance of maintaining qualities in material and thus supporting the flexibility
in use of objects in collaborative activities, rather than replacing them with digital
counterparts. Albert Borgman [1] uses the term commodity to illustrate how just
one of several aspects are maintained when an artefact is replaced by
technology. One of his examples is how central-heating well provides
opportunities for securing warmth, but how wood-burning fireplaces also related
to the amount of wood needed, the work with chopping and drying wood and the
need for keeping the fire burning. Those might be border resources in relation to
‘warmth’, but important ones as they also provided a rhythm of everyday life.
In the design of mixed objects, where digital content is integrated in the physical
object, there seems to be a vast array of possible levels of integration. While in
some cases digital media are just “put on top” of a physical artefact, other
examples are more profoundly integrated and digital and physical properties
operates within one single object [3]. The difference could be illustrated with the
concepts of ‘collage’ respectively ‘sampling’. While the older montage form
collage is juxtaposition by putting things next to each other, sampling works on a
more genetical level and constructs genuine hybrid forms.

Fig. 3 - “Collaging” – A USB stick
combined with an ordinary pencil is a
less complicated mixed object, but it
does utilize the original object – the
pen – since it does get interweaved in
the social life of the user. The pen is
always carried by the user.

Fig. 4 – “Sampling” – The Texture
Painter developed within the ATELIER
project permits architecture students to
virtually paint textures on to models.
The relationship between digital and
physical is one of mutual dependency.
The brush provides tactile feedback to
the user.

An important design strategy for construction of mixed objects seems to be to
mobilize a great quantity of materials in order to maintain the border resources.
Basically any material could be used and different qualities can be supported
with different combinations. One example is observed by Johan Redström [11] in
how LCD displays seems to dominate the overall expression more directly as
opposed to projecting on fabrics. Freedom in combination of materials will also
affect what modalities that will be addressed in perception. A strong visual focus
has emerged both in western culture and design of digital media. Mixed objects
can well benefit from multi-modal expressions other than visual such as for
example sound or tactile feedback.
Another design material that should be recognized is the temporal structure of
digital media. To view computation as composing in time is to acknowledge that
we can view time as form and it also implies that we can turn to film and music
rather than traditional design by drawing for inspiration.
The temporal structure includes both longer and shorter time spans. In a larger
temporal perspective it is also a question of how technology enters into our lifeworlds. Lars Hallnäs and Johan Redström try to define a shift of perspective as
one from use to presence of digital technology. Presence is something different
from just being physically present. It addresses the way we let artefacts inhabit
our life-worlds on a more existential level. Clearly there is a distinction between
describing a table as something “inherited by my grandfather” and ‘a piece of
furniture that can bear X kg’ [7]. The difference is essential to as how we express
design ideas.

That perspective also calls for another re-thinking of borders, that of subject and
object. Bruno Latour [9] describes our use of technology as a collective of
humans and non-humans instead of the traditional subject/object ontology. He
defines technology as a mediator, not a means and not an end but both at the
same time. He gives a multi-facetted concept of technical mediation in where the
term society is substituted by the collective, an exchange of human (‘user’) and
non-human (‘object’) properties inside a corporate body. Translation is the term
he uses for describing a drift or mediation in our intentionality while using
technology and the term actant is used to describe both the human agent and the
non-human technology.
So it can be argued that the borders of objects should be reflected in several
aspects. They are engaged in interplay with human actors, already existing
physical artefacts and spaces and a variety of materials and modalities.

Fig.5 - NetObjects by Vina & Serrano
is a collection of everyday objects for
the home that present real time
information from the web. The
football uses the culturally known
form to signal its content – the
antenna starts shaking when your
favourite team makes a goal.

Fig .6 – A map with barcodes by an
architect student participating in the
ATELIER project. The barcodes make
links to digital information, but uses the
visual form to get integrated as another
component of the map.

Esemplastic unification of place
In spatial arrangements scale is an important aspect. Hence, going beyond the
physical-digital divide cannot for example be limited to artefacts like handheld or
desktop appliances. Space is inherently a physical concept as opposed to place
witch cannot be thought of without also including social activity. With the
perspective of embodied interaction both the social dimension and our bodily

experiences come into focus. As Dourish has argued in his plea for embodied
interaction place reflects the emergence of practice as shared experience of
people in space and over time [4]. The design challenge is not to design space,
but to design for appropriation of space to the activities that take place among a
particular set of people embodying that place. Hence, place may be different for
different communities of people in the same setting.
The question here is what the consequences for this understanding of place are
for strategies to overcome the physical-digital divide. The notion of esemplastic
unity of place has been suggested by Anders Hedman [6]. This concept for
moulding diverse ideas or things into unity, borrowed from Coleridge, suggests
design for public places uniting corporal and incorporeal spaces rather than
adding a virtual reality to one physical already existing.
The concept of incorporeal public places is by no means limited to digital
technology and virtual reality. As Hedman writes ‘humans have always been
actively engaged in incorporeal places, whether in art, sleep, through
recollection, imagination or fiction. Incorporeal places have always been part of
everyday life. Certain disciplines and traditions have put special emphasis on
incorporeal places: in religion-heaven and hell, in architecture-the planned
building, in art of memory-the information place, in fiction-the place of action and
drama’. The art of memory, e.g. as practiced by Cicero, rests on the capacity for
places to be associated with things to remember. An example of a more public
and tangible such place was the memory theatre as described in the sixteenth
century by Giulio Camillo. This esemplastic place allowed users to enter a
cylindric room where the walls were covered with systematically marked and
located little boxes and carvings. From a stage the user was overlooking the
totality of human knowledge and it was said that anyone entering the room
instantly would be as conversant as Cicero on any scholarly subject.
Be that as it may, memory theatre and the art of memory also open up a
perspective of story telling and associations relevant to the design for
contemporary esemplastic places beyond the physical-digital divide. We are here
reminded about the observation by Paul Ricoeur about narrative time and how
the story told not only gives a historical account, but actually also takes place
here and now organizing the current activities [12].
An example from the ATELIER project of a design for esemplastic unity of place
is the tangible project archive. The archive is a ‘mixed’ environment for informal
collaboration and inspiration, for presenting and collecting material. It is
configured by cube modules of transparent plexi-glass and is accessible from all
sides. Some projects have their own cube with a collection of objects, but
hundreds of objects from different projects float around in the archive and get
eventually related with other objects. Each object in the archive is augmented
with an RFID-tag or a barcode associating the physical material to digital material
in the form of project introduction, images and video-clips. Materials can freely be

collected and the collection can than be reviewed at a special ‘organizing zone’.
By placing the objects of interest in the zone the associated digital material is
displayed on translucent fabric hovering above the physical material. Digital
material of interest can be printed or collected for later use in a specialized object
called a ‘carousel’. New material is entered into the archive via an ‘entrance
zone’ where physical and digital material is associated. The use is informal like in
a ‘Wunderkammer’ and it is more associative than in a systematically organized
traditional archive. Maybe not an environment that makes the users as
conversant as Cicero, but an open environment for appropriation of space in the
concurrent activities that take place among several people being bodily present
when acting with mixed objects as they make sense to the place.

Fig.7 - An object from the ‘Power Fig.8 – The same object ‘floating’ around
Pilgrims’ project displaying its digital in the archive, sharing the space with
content in the ATELIER tangible others.
project archive.
How should we understand the making of esemplastic places. As implied by
Dourish in outlining embodied interaction, the philosophy of language-games, as
developed by Ludwig Wittgenstein in Philosophical Investigations, is an
interesting approach to understand our social and tangible practice [14].
This is in line with a position to design as intertwined language-games that has
been the basis for much of the research in participatory design we have been
involved in during the last twenty years [5]. The idea of language-games entails
and emphasis how we in practice discover and construct our world. However,
language is understood as our use of it, as our social, historic, and intersubjective application of linguistic artefacts. As we see it, this is not a neglect of
how we also come to understand the world by use of other artefacts. Objects
also play a fundamental role in a given language-game. In this view languagegames are performed as practice with ‘embodied’ meaning within societal and
cultural institutional frameworks. To be able to participate in the practice of a
specific language-game one has to share the form of life within which that
practice is possible. This form of life includes our natural history as well as the

social institutions and traditions we are born into. To possess the competence
required to participate in a language-game requires a lot of learning within that
practice. But in the beginning all you can understand, is what you have already
understood in another language-game. You understand because of the family
resemblance between the language-games. This seems to make us prisoners of
language and tradition, which is not really the case. Being socially created, the
rules of language-games, as those of other games, can also be altered.
In participatory design users and designers are fundamentally seen as related via
shared experiences in a common design language-game. This design languagegame has a family resemblance with the ordinary language-games of both users
and professional designers. A fundamental competence of the designer is the
ability to set the stage and make props for this shared design language-game
that makes sense to all participants, making the interaction and mediation
between different language-games possible. Especially this has been applied in
the use of mock-ups, prototypes, scenarios and other design artefacts.
This view should also be relevant for the making of place, and in a critique of the
dualism of virtual reality Hedman comes up with an interesting suggestion along
these lines: What if we think of the activities going on in a place as a kind of
language-games. He calls them place making games and suggests that places
allow for multiple place games [6]. In studying an exhibition with similar physicaldigital objects as the ATELIER tangible project archive he observes that visitors
may shift between different games during a single visit. Moreover, the kind of
place games that can occur constitutes an open ended set of activities where the
corporeal and the incorporeal elements are joined into an esemplastic unity
through the place making games that are played. Is there not a role for the
professional designer, similar to that in participatory design, in those games for
making esemplastic unity of place?
In the ATELIER project this design challenge to the process of unfolding social
negotiations and the appropriation of place was met by the concept of
configurability of architecture and artefacts. Hence our wish to support the design
students to organize space and tools into assemblies according to the situation at
hand, playing with foreground and background, juxtaposition of narrative
connections between objects or improvisational movements between private and
public. One instantiation of this is how the students decomposed the tangible
project archive in the studio to support semi-public place making games at a
railway station. They configured for place making games and appropriation
around refrigerator poetry reusing exactly the same physical building blocks and
technological components as in the tangible archive in the studio.

Fig.9 - The Tangible Archive is a fixed
installation, which can be seen as an
assembly of different zones. The zones
have an open-ended design, allowing
them to be slightly configured.

Fig. 10 – Here one of the zones have
been “withdrawn” from the archive and
configured by the students into an
installation for interactive refrigerator
poetry at the Central Station in Malmö.

Beyond the divide
In this paper we have argued for embodied interaction as a useful stance for
designing beyond the physical-digital divide. We have focused on the role of
embodiment and place making games in appropriating artefacts and space. This
has been done with a special focus on the concepts of mixed objects and
esemplastic unity of place. These concepts address both the physical and social
threat of demassification by digital technology, and suggests that rather than
creating new worlds that are virtual or digital, we should design for experience
and interaction in the only social, physical and digital world that that we have.
The stance taken and the kind of concepts elaborated on should also hopefully
help bridging the divide between product design and human computer
interaction, maybe in the emerging discipline of interaction design and in
designing computational things that make sense not only to users, but also to
both kinds of designers. Embodied interaction is not just a challenge of merging
the physical and the digital on the desktop as in our introductory example for the
1980s, but a utopia of bringing the computer out of the box, regarding whatever
space there is available as a potential place for meaningful interactions and place
making games among people, and architecture and technology as ways to
support them in appropriating that space.
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